Objective. This study is designed to observe the urinary tumor necrosis factor-like weak inducer of apoptosis (TWEAK) levels in patients with lupus nephritis (LN) and to identify new biomarker of lupus nephritis activity. Methods. Study subjects were 46 cases of patients with LN (including 34 of active cases) who underwent routine renal biopsy. Activity and chronicity indexes of LN were assessed using pathological criteria proposed by Hill et al. in 2000. Urinary TWEAK (uTWEAK) level and Monocyte chemoattractant protein-1 (MCP-1) level were detected by ELISA. Results. Urinary TWEAK level was significantly higher in active LN group than in non-active LN group. Correlation analysis showed that urinary TWEAK levels were significantly correlated with activity index (r = 0.825, P < 0.01), glomerular activity index (r = 0.754, P < 0.01), and tubulointerstitial qualitative activity index (r = 0.751, P < 0.01), while not significant correlated with chronicity Index (P > 0.05). The association between urinary TWEAK levels and urinary MCP-1 levels were significant in active LN group (r = 0.809, P < 0.01) but not significant in non-active LN group (P > 0.05). Conclusions. uWEAK levels were correlated with all active indexes of LN, suggesting its potential role as novel biomarker of active lupus nephritis.
Introduction
Systemic lupus erythematosus (SLE) is a chronic autoimmune disease characterized by complex clinical manifestation and chronic inflammatory processes involving autoimmunity against multiple systems and multiple organs. Kidney is one of the most commonly affected organs. Lupus nephritis (LN), the appearance of a disservice caused by SLE to kidney, contributes to high mortality. As active stage and rest stage alternate iteratively in LN disease process, observation to SLE activity, especially to the level of renal activity, is extremely important to therapeutic regimen decisions and treatment modifications as well as prognosis. At present, activity of SLE is assessed based on clinical symptoms and biochemistry parameters such as autoantibody (e.g., anti-dsDNA) and serum complement. However, current biomarkers are not specific for evaluating renal activity. Renal biopsy has been the gold standard for assessment of kidney damage and disease activity, but its invasive feature has restricted its use.
Recently there has been a surge of interest in defining novel LN biomarkers to evaluate disease activity [1, 2] . Over the last few years, evidences showed that tumor necrosis factor-like weak inducer of apoptosis (TWEAK) was expressed in a high level in the kidney of LN animal model. Patients of LN in active stage had higher urinary TWEAK level [3] . Researchers presumed that urinary TWEAK level may reflect LN activity. This study approached to the relationship between urinary TWEAK level and the activity of LN in the Asian patients in China. [5] . Activity Index (AI) and Chronicity Index (CI) were calculated. Activity Index contained Glomerular Activity Index (GAI) and Tubulointerstitial Activity Index (TIAI). 
Patients and Methods

The Detections of Urinary
Results
Clinical and Laboratory Findings of Lupus Nephritis
Patients. SLE patients (n = 46) were recruited into two groups: SLE patients with active lupus nephritis (active group) and those patients with inactive or nonrenal involvement (nonactive group). Statistically, significant differences were found between both groups in the following variables: red blood cell count in urine (/HP), 24 h urinary proteins (g/24 h), serum BUN (mmol/L), serum creatinine level (μmol/L), C3 (mmol/L), and C4 (mmol/L). Detailed comparisons between both groups are presented in Table 1 .
Features of the Histopathology of Active Lupus Nephritis.
The pathological changes of active lupus nephritis contain glomerular mesangial cells proliferation, cellular crescents, thickening of capillary walls, karyorrhexis, hyaline thrombi, and interstitial inflammatory infiltration (Figure 1 ).
The Relationship between TWEAK and LN Activity.
To determine whether TWEAK correlates with LN activity, we compared urinary TWEAK levels of LN active group with nonactive group. Urinary MCP-1 levels were used for positive control. As presented in Figure 2 , urinary TWEAK levels of LN active group were significantly higher than those of nonactive group (10.29 ± 1.81 pg/mgCr versus 2.14 ± 0.30 pg/mgCr, P < 0.01). Urinary MCP-1 levels (uMCP-1) of LN active group were also significantly higher than those of nonactive group (103.60 ± 15.79 pg/mgCr versus 20.19 ± 2.93 pg/mgCr, P < 0.01).
The Relationship between uTWEAK and LN Renal Biopsy
Index. The urinary TWEAK levels of patients with LN had significantly positive correlation (r = 0.825, P < 0.01) with Active Index (AI) (P < 0.01), including Glomerular Activity Index (GAI) (r GAI = 0.745, r TIAI = 0.751) and those with Tubulointerstitial Activity Index (TIAI), but had no and uMCP-1 levels had been found from data of 34 patients with LN who had routine renal biopsies. And the analysis of urinary TWEAK levels with Glomerular Activity Index (GAI) and those with Tubulointerstitial Activity Index (TIAI) both yield positive (r GAI = 0.804, r TIAI = 0.769), significant (P < 0.01) correlations. significant correlation (P > 0.05) with Chronicity Index (CI) (Figure 3) .
The Relationship between Monocyte Chemoattractant
Protein-1 (MCP-1) and LN Activity. Monocyte chemoattractant protein-1 (MCP-1) has been presumed a biomarker to monitor LN activity, proved by evidences of biochemistry and immunology. However, MCP-1 was not reported to predict renal histopathology. This study analyzed the correlation between urinary MCP-1 levels and LN renal biopsy index. Results showed that the urinary MCP-1 levels of patients with LN had significantly positive correlation (r = 0.800, P < 0.01) with Active Index (AI), including Glomerular Activity Index (GAI), and those with Tubulointerstitial Activity Index (TIAI) (r GAI = 0.804, r TIAI = 0.769) but had no significant correlation (P > 0.05) with Chronicity Index (CI) (Figure 4 ).
The Relationship between Urinary TWEAK Levels and
Urinary MCP-1 Levels. Relationship of urinary TWEAK levels with urinary MCP-1 levels was also analyzed. Our analysis showed that the urinary TWEAK levels in active group had significantly positive correlation (r = 0.809, P < 0.01) with urinary MCP-1 levels, while nonactive group's urinary TWEAK levels had no correlation with the urinary levels of MCP-1 (P > 0.05) ( Figure 5 ).
Discussion
LN is one of the most common complications of SLE. In recent years, several studies have found that a disorder of the regulation of apoptosis is an important factor in SLE progress, such as TWEAK [6] . TWEAK combined with its receptor Fn14 could activate Iκ-B kinase (IKK), resulting in the degradation and activation of Iκ-B. Iκ-B transferred to cell nucleus and increased MCP-1, RANTES, and IL-6 expression, causing inflammatory cell infiltration.
Researches also reported that TWEAK/Fn14 induced apoptosis of glomerular mesangial cells and tubular epithelial cells with induction of proinflammatory cytokines, thereby causing glomerular and tubular injury, which might play an important role in the pathogenesis of lupus nephritis [7, 8] .
In this study, we analyzed the relationship between TWEAK and the renal activity of lupus in order to prove TWEAK as a marker of lupus nephritis. Previous studies have shown that serum TWEAK levels are significantly lower in SLE patients than in healthy individuals [9, 10] . A cross-sectional study by Gladman et al. [4] in the Ohio SLE Research Center and the Albers Albert Einstein Medical College showed that patients with lupus nephritis had significantly higher urinary TWEAK levels than those without kidney injury, and the patients in active stage of lupus, with kidney injury or not, had higher urinary TWEAK levels than those in nonactive stage, indicating that an elevated level of urinary TWEAK may suggest active lupus nephritis. In our study, active LN patients had significantly higher urinary TWEAK levels, compared to those in chronic, stable condition. This result was similar to the findings of Schwartz et al. [11] focused on the cases in USA. And our study provides a supporting result to the conclusion by Schwartz et al. in Chinese patients, indicating that TWEAK also played an important role in the active lupus nephritis in Asian cases.
In this study, the correlation between MCP-1 and LN activity has been confirmed by histopathological evidence. Results also showed that urinary TWEAK levels had significantly correlated with LN renal pathology AI containing GAI and TIAI. However, no relationship was found between urinary TWEAK levels and CI. This indicates that urinary TWEAK levels could reflect the level of activity in LN patients. In addition, the expression of TWEAK is relevant to glomerular lesions and tubulointerstitial lesions. The elevation of urinary TWEAK level may be related to the increased expression of TWEAK in kidney. However, it is still uncertain whether kidney is the only organ expressing TWEAK, which is needed to be confirmed in the future. We also found that urinary TWEAK levels have no difference between Class II, III, and IV of LN among 31 patients (Result is not showed in this article), indicating that urinary TWEAK detection cannot replace renal biopsy entirely in diagnostic process.
MCP-1 was proved to be a biomarker of lupus nephritis disease activity [12, 13] . In vivo, urinary MCP-1 has positive correlation with the increase in urine n-acetyl-β-dglucosaminidase (NAG) and urine protein in 24 h [14] . A significantly positive correlation between MCP-1 and AI has been showed in our study (Figure 4 ). In addition, urinary TWEAK levels have significantly positive correlation with active LN (r = 0.809, P < 0.01) and urinary levels of MCP-1, pointing to the potential of urinary TWEAK as a diseasemonitoring biomarker. Activated T lymphocytes expressed TWEAK, resulting in increasing apoptosis of mononuclear cells. The injured mononuclear cells released nuclear selfantigens by increasing MCP-1 expression, and the clearance of apoptotic debris reduced relatively, which might be one of the mechanisms for the development of lupus. Researches indicated that TWEAK combined with Fn14 induced MCP-1 in renal tubular epithelial cells, causing RelA subunit of NF-κB transferring from cytoplasm to nucleus, leading to the activation of target gene which encodes MCP-1 [6, 15, 16] . These results proved that TWEAK is one of the upstream regulatory factors of MCP-1 in inflammatory process.
In conclusion, urinary TWEAK levels of patients with active LN significantly positively correlated with urinary levels of MCP-1, indicating the potential disease-monitoring biomarker of urinary TWEAK.
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